ABSTRACT Objective: We aimed to assess the nature of association between job stress and occupational injuries among firefighters in Korea.
INTRODUCTION
Firefighters are responsible for the safety of citizens, and perform functions that include fire suppression and emergency medical services (EMS). As such, they are exposed to physical or chemical hazards that lead to high rates of occupational injuries. [1] [2] [3] According to a report by the National Fire Protection Association, 18 500 cases of exposure to hazards were reported and 63 350 injuries occurred in the line of duty, in the USA in 2014. 4 According to another report, firefighters responsible for fire suppression had a 1.4-7.4-fold higher risk of non-fatal injuries than did workers in other industries. 5 Factors that affect occupational injury among firefighters have been investigated. A study by Fabio et al 6 showed that such injuries
Strengths and limitations of this study
▪ This is a nationwide study including a large number of firefighters of Korea. ▪ There have been only a few systematic studies of the association between job stress and occupational injury among firefighters. This study showed that high job stress is related to both the occurrence of occupational injury, and to the frequency of occupational injuries in Korean firefighters. ▪ Owing to cross-sectional design, this study could not establish a causal relationship, and were only able to identify the association between job stress and occupational injuries. ▪ There was possibility that the result was biased by using self-reported questionnaires and missing some potential confounders.
were influenced by work environments such as the number of alarms, grades of fire, number of structural floors at the scene, work intensity, civilian injury, time of incident and number of pumpers. Other studies reported that obesity was associated with increased injuries among firefighters. 7 8 Various factors affecting occupational injury have been reported for other occupations, including long working hours 9 and shift work. 10 11 Individual characteristics such as obesity 8 12 13 and moderate or heavy alcohol consumption 14 15 also play a role. Separately, other researchers also examined whether psychological factors such as negative affectivity, 16 depression symptoms 17 and mental illness 18 were risk factors for occupational injuries. In terms of job stress. Recent studies have shown that occupational injury is associated with excessive workload, high cognitive demands and low job satisfaction, high intragroup conflict, job insecurity, 19 low decision latitude, conflicts with the supervisor or colleagues, 20 lack of organisational support, 21 poor physical environment, unfair reward and treatment, 22 verbal abuse and low predictability, 23 and organisational injustice. 24 Despite a plethora of studies, there have been only a few systematic investigations to identify factors influencing occupational injuries among firefighters. In this study, which is based on a survey of all Korean firefighters, we aimed to investigate the existence of a correlation between job stress and occupational injury among firefighters.
METHODS

Study participants and methods
This cross-sectional study was conducted via a survey targeting firefighters in South Korea between July and November 2007. To explain the questionnaire and increase the response rate, the survey was conducted in coordination with the health managers at each fire station. A questionnaire was mailed to 30 630 firefighters; 25 615 (83.6%) responded. The self-reporting structured questionnaires were used to investigate the characteristics of participants, frequency of occupational injury during the previous 12 months and job stress at the current place of employment. Hence, 5165 respondents who had <12 months' experience in the current task job were excluded. We also excluded 5310 firefighters with missing basic data (sex, age, marital status, smoking status, alcohol consumption, frequency of exercise, education, current job category, current job experience, occupational exposures or job stress). Ultimately, data of 14 991 firefighters who were 20-59 years old were analysed. All participants provided written informed consent for their participation.
Occupational characteristics and injury
In the survey, participants were asked to reply to the question; "How many times have you experienced injury in the workplace that required medical care during the past 12 months?" Hence, occupational injuries in this study were restricted only to events related to the firefighters' duties. Furthermore, minor injuries that is, those that did not require medical care, were excluded. Occupational injuries within the previous 12 months were recorded because only a few such injuries occurred within shorted durations. Firefighters included all workers employed at a fire department and its related services, including: fire suppression (extinguishing a fire), paramedics ( providing emergency medical care), rescue workers (rescuing people who are trapped or in medical emergencies), special investigators (investigating a cause of fire), informatics training officers (training other firefighters) and others. 25 These jobs were categorised into fire suppression, EMS (includes paramedics and rescue), and officers (including administrators, special investigators, and communicational and informational system operators).
Job stress
Job stress was identified according to the short form of the Korean Occupational Stress Scale (KOSS-SF), which was a structured questionnaire to estimate the job stress of Korean employees. 26 KOSS-SF was based on the most commonly used job stress questionnaires such as the Job Content Questionnaire, National Institute of Occupational Safety and Health job stress questionnaire and Occupational Stress Index. This scale is comprised of 7 subscales and 24 items: job demands (4 items), job control (4 items), interpersonal conflict (3 items), job insecurity (2 items), organisational system (4 items), lack of reward (3 items) and workplace environment (4 items). Each item allowed four possible responses: 'strongly disagree', 'disagree', 'agree' or 'strongly agree'. Subscale scores were the sum of each item, which was then converted into 100 points. Cronbach's α coefficient for each subscale was calculated to evaluate the internal reliability of the KOSS-SF, which ranged between 0.51 and 0.82. In this study, Cronbach's α coefficient for subscales of job stress ranged from 0.55 to 0.77. The KOSS-SF also showed acceptable validity by analysing internal consistency and factor analysis; 26 it also recommended using scores dichotomised around the median for the total study population. Therefore, the scores of each job stress were dichotomised at the median of the total firefighters (table 1). 26 Occupational exposure Firefighters have been exposed to various hazards that are directly linked to occupational injury. To clarify the effects of numerous such exposures, participants were asked whether or not they have experienced the following 12 hazardous conditions and/or exposure to materials in the workplace at least once: overload (lifting a heavy object repetitively), inadequate posture (working in an uncomfortable posture for a long time), lack of lighting (working in darkness), excessive heat or cold (working in an excessively hot or cold environment), My company climate is authoritative and hierarchical ‡ Gender discrimination I am at a disadvantage because I am a woman ‡ *The subscale scores were the sum of each item, which was converted into 100 points; a higher score means higher job stress. †Mean, SD and Cronbach's α were the values used in this study. ‡Each question allowed four possible responses: 'strongly disagree', 'disagree', 'agree' or 'strongly agree', which is given a score from 1 to 4. §Each question allowed four possible responses: 'strongly disagree', 'disagree', 'agree' or 'strongly agree', which is given a score from 4 to 1. KOSS-SF, Short form of Korean Occupational Stress Scale. 3 Open Access noise (exposed to loud noise at work), vibration (exposed to vibration at work), dust (exposed to metallic dust, welding fume, grain dust, asbestos or other agents at work), organic solvents (exposed to organic solvents such as thinner, gasoline, light oil, kerosene oil, normal hexane, benzene, trichloroethylene and unknown organic solvents at work), other chemical agents (exposed to chemical agents such as chloroform, carbon tetrachloride, dimethylformamide, carbon disulfide, pesticide, urethane, epoxy resin and other unknown chemical agents at work), metals (exposed to metals such as lead, chrome, nickel, mercury, cadmium, aluminium and other unknown metals at work), biological agents (exposed to biological agents such as blood and other droplets or fluids at work) and radiation (exposed to non-destructive radiation at work).
Other confounding variables
Smokers were categorised as current smokers, ex-smokers and never smokers. The Alcohol Use Disorders Identification Test (AUDIT) 27 was used to identify hazardous drinkers among firefighters. Participants were categorised into hazardous drinkers (AUDIT score ≥8) versus non-hazardous drinkers (AUDIT score <8). 28 Regular physical activity was divided into exercising either <3 times or ≥3 times per week. Education levels were categorised into <12 years of schooling versus ≥12 years (high school or above). Marital status was categorised as married and living with a spouse versus other (never married, divorced, etc).
Statistical methods
All study participants were divided into two groups: those who had experienced occupational injury during the previous 12 months and those who had not. Injuries according to occupational and demographic characteristics were compared by using the χ 2 test and Cochran-Armitage trend test. Distribution of the numbers of injuries during the previous 12 months according to current job was also analysed. Job demands and job control were examined for analysing job stress; this analysis was conducted by stratifying the duties of firefighters into fire suppression, EMS and officers as mentioned above.
Association between job stress and occurrence of occupational injury was identified through a multivariate logistic regression model with adjustment for potential confounders that affect occupational injury on univariate analysis, including sex, age group, marital status, smoking status, hazardous drinking and occupational exposures. Some workers had one or more occupational injuries during the previous 12 months; hence, we tested whether job stress is related to the number of occupational injuries as well. The number of occupational injuries is counted variables that were commonly analysed by Poisson regression model, negative binomial regression model. In this study, the distribution of the number of injuries was overdispersed and zero-inflated.
Thus, we selected a zero-inflated negative binomial regression model to handle the distribution. 29 30 The model was used to analyse the association between job stress and the number of occupational injuries; using this method, the incidence rate ratios (IRRs) and 95% CIs were calculated by adjusting all confounding variables. In this study, p values below 0.05 were considered statistically significant. Statistical analysis was performed using the SAS V.9.2 software (SAS Institute, Cary, North Carolina, USA.)
RESULTS
General characteristics
Over a period of 12 months 1757 participants comprising 14 349 men and 642 women experienced occupational injury (11.72%). There were significant differences between injured versus not injured personnel with respect to sex, age, marriage status, smoking status, hazardous drinking, current job and occupational exposures (table 2) .
Distribution of the number of injuries by current job
The number of firefighters who experienced injuries in the previous 12 months included 840 fire suppression personnel, 723 EMS workers and 194 officers (table 3) . As some firefighters were injured more than once, there were 5580 injury incidents; 2691 among fire suppression personnel, 2226 in EMS workers and 663 among officers. Including firefighters who never experienced injuries, the mean number of injuries was highest among EMS workers and lowest among officers; however, after excluding non-injured firefighters, that order was reversed (table 4).
Analysis of occupational injury according to job stress
ORs were calculated using a multivariate logistic regression model to identify the association between job stress and the occurrence of occupational injury. Among fire suppression personnel, high job demands, high interpersonal conflicts, a poor organisational system and a negative workplace environment were related to the occurrence of injury. Among EMS personnel, high job demands, high interpersonal conflicts, a poor organisational system, low rewards and a negative workplace environment were related to injury incidents. Among officers, high job demands and a negative workplace environment were associated with injury (table 4) .
The IRRs of the number of occupational injuries were calculated by a zero-inflated negative binomial regression model comparing participants with high job stress to low job stress. Among fire suppression personnel, high job demands were associated with an increased number of injuries. Among EMS personnel, low job control, high interpersonal conflicts, low rewards and a negative workplace environment were related to an increased number of injuries. There were no correlations between the factors investigated and injury among officers (table 4) . 
DISCUSSION
This study showed that excessive job stress is related to the occurrence and the frequency of occupational injuries in Korean firefighters. Many recent studies have investigated occupational injury due to physical and chemical exposure, as well as psychological factors including job stress. However, the association between job stress and occupational injuries among firefighters has rarely been examined. Our study is meaningful because it is a nationwide survey involving the entire firefighter force of Korea; moreover, it reveals an association between job stress and the frequency of occupational injuries in Korean firefighters after adjusting for confounding variables. In this study, high job demands were associated with the occurrence of occupational injury regardless of the nature of the current job. In a study of small-to-medium sized Korean manufacturing enterprises, workers with highly demanding jobs had a greater risk of occupational injury. 31 A study from Japan also showed that high quantitative workloads, high variance in workload and high cognitive demands were associated with occupational injury in men working in small-to-medium sized manufacturing enterprises. Among female workers, high quantitative workloads and high cognitive demands correlated with a greater risk of occupational workplace injury. 19 The results of our study suggest that firefighters, who have high-risk jobs, also experience a greater risk of occupational injury corresponding to higher job demands.
Low job control (ie, the ability to make decisions) was found not to be significantly associated with occupational injury among firefighters. Murata et al 32 showed no statistically significant effects of job control on occupational injury among blue-collar workers. Nakata et al 19 showed that female workers in small-to-medium sized manufacturing enterprises had a higher risk of occupational injury when they had less job control. Although low job control was associated with the number of occupational injuries among EMS personnel in our study, it was not associated with the occurrence of occupational injury in either sex.
High interpersonal conflicts were associated with the occurrence of occupational injury in fire suppression and EMS personnel. A study of Finish hospital personnel showed that problems in interpersonal relationships and conflicts during collaborations at work were related to occupational injury. 33 Another study of Japanese small-to-medium sized manufacturing enterprises workers showed that female employees with high intragroup conflicts at the workplace had a higher risk of occupational injury. 19 In both our previous and current studies, high interpersonal conflicts appear to be an important factor contributing to occupational injury, although the nature of the job was different.
In this study, high job insecurity was associated with a lower occurrence of occupational injury among fire suppression personnel. There were 47 deaths of firefighters actively on the job between 1998 and 2007, which constituted 22% of all causes of death among firefighters. Additionally, the average age of death of retired firefighters was 58.8 years during the same period. 34 Therefore, our reported rate of occupational injury could be underestimated if certain firefighters were unable to respond to our questionnaires because of disabilities or other medical reasons. Since we had no information on non-respondents, we could not assess the presence of the bias. However, considering the dangers of fire suppression, it is possible that the occurrences of injuries were underestimated in our study. Probst and Brubaker 35 reported that workers in insecure jobs underwent more occupational injuries than those in secure jobs. Nakata et al 19 showed that high job insecurity was associated with an increased risk of occupational injury among male workers in small-to-medium sized manufacturing enterprises. To clarify the association between job insecurity and the occurrence of occupational injury among firefighters, further studies that consider biases inherent in their designs are necessary.
A poor organisational system was associated with the occurrence of occupational injury in fire suppression and EMS personnel. Recently, a 1-year follow-up prospective study in Spain was conducted to investigate any association between job stress related to organisational support and occupational injuries. 21 Lack of organisational support was evaluated by questionnaires and then *All job stress scales were compared to their counterparts. †OR and 95% CI were calculated using a logistic regression model adjusted for sex, age group, marriage status, smoking status, hazardous drinking and occupational exposures.
‡IRR and 95% CI were calculated using a zero-inflated negative binomial regression model adjusted for sex, age group, marriage status, smoking status, hazardous drinking and occupational exposures. IRR, incidence rate ratio.
estimated by index, severity and frequency; all were positively correlated with the risk of occupational injury. In the same context, our current results show that lack of organisational support in firefighters was also related to occupational injury. A study in Hong Kong revealed that injuries among construction workers were influenced by emotional stress, which included unfair rewarding policies. 22 In our study, the lack of a reward was also associated with the occurrence of occupational injury among fire suppression and EMS personnel. Rewards were an important factor for predicting workers' safety and health with respect to the effort-reward model. In a cross-sectional survey of 11 636 Dutch workers, participants with high efforts and low rewards had a significantly higher risk of emotional exhaustion, psychosomatic symptoms, physical symptoms and job dissatisfaction (OR 3.23 to 15.43). 36 Although jobs vary by nature, the lack of rewards ought to be considered a factor affecting occupational injury.
A national representative survey in France reported that various adverse workplace practices such as verbal abuse, physical violence, low predictability and bullying, as well as psychological demands and low decision latitude, were related to occupational injuries. 23 Furthermore, an important study revealed that organisational injustices such as supervisors' abuse of power can affect both workers' rights as well as their health and safety. 24 That study also revealed qualitative data regarding the association between the level of power abuse and risk of occupational injuries. Such aspects can equally apply to the firefighting profession in terms of workplace climate.
The association between job stress scales and the number of occupational injuries using the zero-inflated negative binomial model significantly differed by current job duties. For fire suppression, only high job demands were associated with an increased number of occupational injuries. Among EMS personnel, low job control, high interpersonal conflict, lack of reward and a negative workplace environment were related to the number of occupational injuries. However, there were no statistically significant results for officers. Since the association between job stress and the number of occupational injuries has rarely been researched, there are few published data to compare our results to. Nevertheless, considering the different results according to job duties, our statistical method may be useful to estimate the differences in associations between job stress and occupational injuries in various jobs.
Our study had some limitations. First, because the study was conducted using a self-reported survey, recall or reporting bias may have occurred. However, because severe cases of injuries are more easily remembered, the fact that our study design surveyed only injuries that required medical care may have minimised recall bias. Self-reported surveys also carry a bias resulting from the lack of incorporation of non-respondents' data. Moreover, since workers who are hospitalised, retired or deceased cannot respond to the survey, a bias towards healthier workers may have occurred. If we were able to incorporate the data of non-respondents somehow, it is possible that our final results would be different. Second, confounding variables such as working patterns, hours of duty, sleep patterns and types of injury were not included, although these may have an influence on the relationship between job stress and occupational injuries. Third, because the study design was crosssectional, we could not establish a causal relationship and were only able to identify the association between job stress and occupational injuries. For example, the results of our study could be interpreted as the number of occupational injuries themselves having an impact on job stress. Thus, careful interpretation of our data is required. However, the advantage of this study is that it was based on a nationwide survey that included the entire firefighter force in Korea.
In summary, our study revealed increased occurrence and frequency rates of occupational injuries due to job stress among firefighters. Although there were differences in injury rates according to current job duties, we found that high job demands, high interpersonal conflicts, a poor organisational system, lack of rewards and a negative workplace environment were factors associated with the occurrence of occupational injuries. As for the frequency of occupational injuries, fire suppression personnel with high job demands experienced a greater number of occupational injuries. In EMS workers, low job control, high interpersonal conflicts, lack of rewards and a negative workplace environment were associated with an increased number of occupational injuries. This study exposes the job stress factors that should be ameliorated to prevent occupational injuries among firefighters. Our results can be used to better address job stress and hence to minimise occupational injuries among firefighters.
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